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Physics TDR Volume

= Albert De Roeck and Jon Urheim are the volume editors

= Basic outline in place last summer. Physics WGs filled in more

detailed chapter outlines ahead of January collaboration meeting

Contents

Contents
List of Figures
4 List of Tables
s 1 Executive Summary

B 11 Reference LaTeX code . .
7 1.2 LBNF and DUNE in the glnhul context

. 13 Key moals of DUNE science program: opportunities and capabilities
. 14 Summary of assumptions and methods employed

w15 Key results from sensitivity studies

w16 Key requirements fed back to detector design .

© 17 OQutlook: impacts of DUNE

1 2 Introduction to LBNF and DUNE
w21 xyz
s 3 Scientific Landscape

1 3.1 Reference LaTeX code
” 3.2 Oscillation Physics . . .
" 321 Three-flaver oscillation phenomenalogy
" 322 Connections with leptogenesis
323 Impacts of currently running experiments
33 Nucleon decay and AB=2 physics
34 Supernova neutrino burst and low-energy neutrino physics .
35 Neutrino interaction physics . . .
% 36 Beyond-SM oscilation phenomenology
= 37 Additional topics (7)

= 4 Tools and methods employed

o 41 Reference LaTeX code

= 42 Monte Carlo simulations

- 42.1 Hadron production and Beam Line modeling
» 422 Neutrino interaction generators

at 423 Detector simulation

2 4.2.4 DAQ simulations/assumptions

[ N

w

[L 0N TN W TN RS

N

E
»
=
=

]

w
“

L]

o

-

43 Event reconstruction in the far detector
4.4 Tools and assumptions employed for evaluation of near detector capab\lme'

Standard neutrino oscillation physics program
5.1 Reference LaTeX code
52 Beam neutrinas
5.2.1 Qverview and Theoretical Context
5.2.2 Expected Event Rate and Sensitivity Calculations
52.3 Sensitivity methods
524 Oscillation parameters
525  Flux Inputs
5.2.6 Detector Response . .
52.7 Event Selections and Spectra
528 Effect of Systematic Uncertainties
5.2.9 Sensitivities
5.2.10 Optimization of the LBNF Beam Designs

GeV-scale non-accelerator physics program
6.1 Reference LaTeX code
6.2 Nucleon decay . .

6.2.1 Predictions fmm Grand Umﬁed Theone- and current expenmenul status

6.2.2 Experimental signatures for nucleon decay searches in DUNE
6.2.3 Sensitivity to p — vK " decay
6.2.4  Sensitivity to other key nuclean decay modes
6.2.5 Detector requirements for nucleon decay searches
6.3 N-Nbar oscillations
63.1 Motivation for AB—2 physics and possible experimental approaches
6.3.2  Sensitivity to intranuclear neutron-antineutron oscillations in DUNE
6.4 Physics with atmospheric neutrinas . . . . . .
64.1 Oscillation physics with atmospheric neutrinos
642 BSM physics with atmospheric neutrinos
6.4.3 Reconstruction of atmospheric neutrinos

Supernova neutrino bursts and physics with low-energy neutrinos
7.1 Supernova neutrino bursts
7.1.1  The Core-Collapse Neutrine Signal
7.1.2 Physics and Astrophysics Signatures
713 Low Energy Neutrinos in LAr .
7.1.4  Reconstruction of Low-Energy Neutrmm in DUNE
7.1.5  Physics Sensitivities and Detector Requirements
7.2 Salar neutrinos
7.2.1 Expected Signal
722 Backgrounds
7.2.3  Sensitivities
7.3 Superova relic neutrinos
731 Expected Signal
732 Backgrounds

=

=

7.33  Sensitivities

8 Precision physics with the near detector
8.1 Reference LaTeX code
22 Measurements in support of the oscillation physics program . . . . . . .
83 Standalone physics opportunities with the near detector

-}

Beyond the Standard Model physics program
Reference LaTeX code

9 2 Beam-induced physics capitalizing on DUNE far detector capabilities
9.2.1 Light Sterile Neutrinos
922 Large Extra-Dimensions . .
9.2.3  Non-Standard Neutrina Interactmn'
9.2.4  Non-Unitary Mixing .
9.2.5 Anomalous Long-Baseline v, Appearance
926 CPT Violation

93 Non-accelerator physics capitalizing on DUNE far detector :apahlht\e'
9.3.1 Boosted Dark Matter

9.4 BSM physics opportunities with the near detector
94.1 Low-Mass Dark Matter
9.4.2 Heavy Neutral Leptons
9.4.3  Neutrino Tridents
9.4.4  Short-Baseline Sterile Neumno M\xmg

10 Summary and conclusions
10.1 Reference LaTeX code
10.2 Summary of scientific impact in evolving global landscape
10.3 Broader impacts .
104 Concluding remarks

References

19
19
19
19

20
20
20
21

21
21
22
22
22
n
23
23
23
23
24

25
25
25

25
26

Ryan Patterson

Physics Report




Physics TDR Volume — Key dates

- May 2018

- Critical assessment of each of the many analyses and analysis components
- Last practical opportunity to make drastic changes in approach or
assumptions

* September 2018

- Supplemental analysis documentation ready for review outside the
relevant Physics WGs.

* January 2019
- Analyses frozen
- Final versions of plots, tables, values produced and propagated to the
otherwise complete draft

* February 2019

- Draft ready for internal review

* April 2019

- Draft ready for external review
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Milestones more generally

= Same milestones as shown 1in many past LBNC meetings, but with
TDR milestones merged in explicitly

" Progress continues well (with recognition that some tough items are
still to come)

DONE Jan-17 Update long-baseline sensitivity calculations
DONE Jan-17 Complete assessment exercise
DONE Mar-17 Input to final task force reports
DONE Apr-17 Launch and populate approved plots page
DONE May-17 Incorporate tools developed for task forces into physics working groups
DONE Jun-17 Define high-level TDR outline, scope
DONE Jul-17 Establish TDR document workflow
DONE Aug-17 Initial meeting with WGs conveners too discuss their detailed TDR outlines, scope
DONE Sep-17 LArSoft integration complete where required
DONE Nov-17 Determine physics analysis results needed for detector TDR
DONE Jan-18 Second meeting with WG conveners to iterate on TDR outlines, groups' strategies, and scope through 2018
DONE Jan-18 Assessment of required plots for TDR; define strategy for delivering any missing plots with target of May 2018
TODAY
Mar-18 Determine methods to be used for primary results in physics TDR
May-18 Assessment of required plots: follow-up
May-18 Checkpoint: any high-level scientific goals requiring alternative strategies?
Sep-18 Finalize physics results for detector and physics TDRs
Sep-18 Supplemental internal documentation ready for review
Jan-19 Final physics TDR
Jan-19 Analyses frozen. Final plots and numbers assembled.
Feb-19 Begin internal review of complete draft
Apr-19 Final version ready for external review
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FD Calibration Task Force

* Sowjanya Gollapinni and Kendall Mahn are TF coordinators

= Established last fall to develop a calibration strategy in time for
inclusion in the TDR.

* Also a near-term charge: cryostat interface requirements

Slide from last LBNC meeting
Task Force Goals

Main Charge:

* What are our calibration-driven physics requirements?
Associated impact on oscillation physics (and others)

* A Calibration strategy for the TDR timeline

- Clarify assumptions about each source of uncertainty and how it is
measured

- Demonstrate reasonable arguments to achieve necessary precision
Sub Charge (near term):
* Recommendation on Calibration hardware

(Unfortunately, timeline is awfully close to finalize Cryostat interfaces for
calibration — We need to start thinking about it seriously starting NOW.
Anything we say NO needs to be proved otherwise.)
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FD Calibration Task Force

* Most of the TF work from September to December was on the near-
term need to finalize cryostat penetrations

» Fruitful iterations between Calibration TF / Physics and Project

» Arrived at a flexible and minimal feedthrough specification that
satisfies the cryostat engineering requirements

Calibration Feedthroughs

© = Calibration FTs Full volume calibration of E-field map and

© = Calibration FT (outside the FC) associated diagnostics (e.g. HVY) requires
crossing tracks

Slide from calibration
diSCMSSionS at Collab()rati()n ‘5 ........ oHHHNNHH P ~"HHBEHBEHBHNN SHHEBHHBERHBHE

. : All multi-purpose ports (o)

meeting (Gollapinni, Mahn) | < ®
(o) il il o

% 1. o

Q ........ o ........ o ...........

Pos. Diameter [mm] Quantity Description

Laser FTs (Magenta & Green) every
2 9250 s cable 14 m or so. 10 m laser range
3 2250 4 Hiagh voltaqge i g

|4 3250 21 Instrumentation] demonstrated in MicroBooNE.
5 @800 4 Manholes




FD Calibration Task Force

* Now: Developing a concrete strategy.

= “Calibration” here covers a wide range of things, from low-level

detector modeling (e.g., electronics gain) to high-level physics

objects (e.g., EM energy scale)

» Knowledge gained can be highly correlated or degenerate 1f using

any single probe.

Slide from calibration
discussions at collaboration
meeting (Gollapinni, Mahn)
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* 10 offset

* Recombination ¢ 10 offset
+ Drift velocity * light yield
* Electron diffusion §+ gain

* Electron lifetime * noise

» Electronics gain * timing

* |onization energy

¢ Electric field

¢ Electronics noise

* space charge

Calibration Needs

* Calibration quantities/needs span broadly across commissioning,
operations, reconstruction, physics, and monitoring

Calibration parameters

High-level quantities

TPC response C';D hoton
model etector g i
response Systematics S o Standard

Efficiencies responses
* Energy bias Candles

e Position bias |* particle ID * Charged  ahal
is hadrons
ey, ey = = electrons
resolution removal neutrons g
« Position « reconstruction | * low-energy S
resolution P muons

* Spatial/ftemporal * How to constrain? (in-situ, ex-situ, ad situm)
variation? * Extrapolations from ex-situ?

« Non-trivial correlations  + Past measurements

¢ precision needs * Universal constants, calculable parameter, ...
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FD Calibration Task Force

= “Natural” calibration sources likely inadequate, hence attention given

to external calibration systems

* [n progress: exploration of many practical options (see chart below),

impact on physics, mitigation of risk (“unknown unknowns”)

Calibration Sources

Slide from calibration

; Other External Calibration
; ; ; Seiiiducd g Cosmic rays systems one can
discussions at collaboration Atmospheric - A9 il
° muons o Ar4o
. . . . v CC events e st d s . i itors = = =
meeting (Gollapinni, Mahn) u v PR Laser Systom

* Stopped muons : = Temperature Monitors il Radioactive sources

5 Stozged protons = AFA/CPA piercers = Current Monitors « Photon Detector

« Michel electrons * Michel electrons * Past Experiments Calibration system

* beam induced rock : e S » Cosmic Ray Tagger
muons (CRT)

* Muons from * Field response
atmospheric neutrinos calibration device

* Muons from
atmospheric neutrino-
rock interactions Note:

* Other decays (e.g. o
Kaons)

* Neutral pions

Each calibration source comes with its own challenges
» Option of multiple ways to calibrate helps
* Past experiments: ICARUS, MicroBooNE, 35-ton, LArIAT,
ProtoDUNES etc. To what extent do we can we rely on
ProtoDUNE?

5
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FD Calibration Task Force — Timeline

= Established a process for developing a strategy not unlike that used

for the Near Detector

= March 2018 workshop 1s a key date: have a strategy worked out to be
described in the Technical Proposal in May 2018.

* Migrate calibration into the DUNE Consortia process after.

Slide from calibration

discussions at collaboration
meeting (Gollapinni, Mahn)

Ryan Patterson

Collaboration Process Timeline

[ Finalize Calibration Penetrations }

Collate and document existing

information
gathered by the TF so far

Seek feedback (key questions) from

collaboration

Prepare additional studies for TDR

Complete! Dec 2017

Collaboration meeting
Jan 2018

March 2018 Calibration
Workshop
(agree on a strategy)

Technical Proposal
May 2018

Move Calibration into
consortium
June 2018

TDR Spring 2019
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Recommendations

2017-141 / 25-Oct-17 / Physics
The Physics group and Reconstruction groups need close communication with
the Computing group. This is essential in order to complete various physics
studies required for the Physics TDR 1n a timely manner and to ensure that
necessary computing resources are available. In particular, different
reconstruction techniques may require resources that are currently not in any
plan.

We have met with Computing group coordinators several times since the last
LBNC meeting to continue close communication. We have conducted surveys
of the physics groups' current and projected computing needs, and we have
provided the Computing group estimates for near-term production requests. We
have exercised the new ticket-based production request system for our most
recent large "core" samples. We will continue in these ways through the
completion of TDR studies.



Recommendations

2017-142 / 25-Oct-17 / Physics

DUNE DP simulation and reconstruction under LArSoft framework should be

brought at par with that of DUNE SP in order to make the physics cases for
both the detectors on equal footing.

Progress is rapid with DUNE DP simulation and reconstruction. While the DP
analyses must achieve enough sophistication to make meaningful statements
about the technology's capability, we do not anticipate making precise relative
statements between the performances of the SP and DP technologies, as the
levels of sophistication will differ at the time of the TDR (e.g., MicroBooNE

experience informing the SP simulation details and providing a long lead time
for SP tools).




Recommendations

2017-143 / 25-Oct-17 / Physics
The effect of detector imperfections such as design parameters, as well as
imperfections such wire breakage, LAr impurity, dead electronics,
nonlinearities, calibrations, operational degradation as realized in operations,
and any related detector conditions on key physics performance parameters
should be discussed initially in the TP and in full detail in the TDR using either
simulation, or experience from other closely related and relevant experiments,
or both.

We have established an initial set of top priority detector variations to study.
The first of these were processed in January and initially examined at the
collaboration meeting.

(more on next page)



* [nitial variations chosen for their importance and their ease of
implementation (hit the low-hanging fruit first)

- Random dead channels <« plots below: initial look via electron neutrino selections
- Dead channels correlated in electronics space

- Lower HV (mimics effect of lower lifetime, too)

- Altered noise (amount and model)

Traditional reco + MVA,

5% and 25% (!) dead channels no algorithm or cut retuning
_ 0 0 0 0 Appearance Efficiency (FHC)
;_ ’ E‘ - Signal
= o g NC ba
- . - = L MVA MCC10.1 nominal
- 5 A’ - :- _':‘s UE 0.8 L ssreeeeeaen MVA MCC10.1 5% badchans, ecorr
o :— ol - o B e MVA MCC10.1 25% badchans, ecorr
= L i Ly g F
3 \_—L‘-—_ - '::‘I:'-'-. . ~— 2 o 2
— i = = o "
-5 - - - 0.4
- 0 :
?"‘ Sum s o 2 5 A 0.2 —
= O REmsmageic - T [ e e i e
= e T N o™ 23 4 5 A
; _- =L = =Tx ;"-':-p Reconstructed Energy
=I L =0 . T
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* [nitial variations chosen for their importance and their ease of
implementation (hit the low-hanging fruit first)

- Random dead channels <« plots below: initial look via electron neutrino selections
- Dead channels correlated in electronics space

- Lower HV (mimics effect of lower lifetime, too)

- Altered noise (amount and model)

CVN selection,

5% and 25% (!) dead channels no cut retuning
_ 0 %0 “ %0 Appearance Efficiency (FHC)
;_ ’ g‘ - Signal
- o 2 1= NC bg
- . - = | CVN MCC10.1 nominal
- 5 A’ - ‘-.. _':‘s '-'E 0.8 - s CVN MCC10.1 5% badchans, ecorr
o :— " - o B CVN MCC10.1 25% badchans, ecorr
= L i Ly s F
:_ \-_r_‘-_- - -:":'--ll- - - B 0.6 —_ LT S
— i = = e " i
= B 3 r 0.4
= 0 [ 15
= ey . 25% 0.2}
R =
= TR Waeetigll, : 1
= * ~ TN I - 6
= R . T o Reconstructed Energy
=I an - - =0 . = T

Ryan Patterson 15 Physics Report



* [nitial variations chosen for their importance and their ease of
implementation (hit the low-hanging fruit first)

- Random dead channels <« plots below: initial look via electron neutrino selections
- Dead channels correlated in electronics space

- Lower HV (mimics effect of lower lifetime, too)

- Altered noise (amount and model)

CVN selection,

5% and 25% (!) dead channels simple cut retuning
_ n v Appearance Efficiency (FHC)
:_ ’ E - Signal
= o k] 1 — NC bg
:_ 5 A’ . :'.. _-'_‘b "'tl':' 08 C gx: :gglg: ggi;rr:;:::hans, ecorr
- - " . = o 8= wmnnnn - YN MCC10.1 25% badchans, ecorr
:_ . ‘Jﬂéiﬁéﬂ_ - E : Vi P";.,';“;H.EHEI_ P:“'“%u-.é”%,,;" o £ E'E
3 \H_‘ - ':"‘--.. - ~ > ol L o, G R T
= a0 -:LIJ --‘:J-_- -.lu.ll- R ‘ : f"':
= = 2 - 04~
- 25% it
'ET mn,, . f 0.2 =)+
;_ H EEEE — __2-_.”;_ ) - - -
E - = :_,-,?—"":m-'iq‘éz_;__ T 2
E: - - -‘_ R -—-:"'E:-E ;'--.':.:- ¥ Reconstructed Energy

No loss in performance at 5%.
Some loss at the very large 25%.
Propagation to physics parameter space to come.
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Recommendations

2017-144 / 25-Oct-17 / Physics
There are various algorithms and tools that are being developed for SP and DP.
A freeze date for a reference algorithm should be established for producing
various physics plots as input for the TDR.

The current set of milestones includes such freeze dates. The final freeze date is
Jan 2019, but several milestones over the coming year are related to this,
including a checkpoint of algorithms and their performances in May 2018.



Additional highlights from the Physics WGs LELWG

CVN Event Selection Updates (e NEhead s

CVN is neural network (CNN) approach to event
classification. Recently retrained networks to
include updates
Global wire numbering 4000
FV cuts during training & inference 3800
Flipped induction views

TPCs Overlayed

¥

DY

Leads to a decrease in sensitivity over previous
results 2800

IIT]III1IIT]ITIT”TKIF]]I‘{}T‘IIIIXILI

' A A | 'l | |

Still being debugged/evaluated o:'“ 5 700 150 200 250

FEENS EPETET S ST A AT
300 350 400 450

Global wire number
TRE™*1Y . 3 ; TPC 27

Retraining in progress

Future plans:
File format updates
Framework (Caffe -> Tensorflow) P i
Full detail vertex view 3200
Larger images o

Dual phase network e e — T
o Global Wire Number
Low E shower efficiency

Time (ticks)
8
8

‘ TTTTTTJTT M-\lHW]H[IMH\ i
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Additional highlights from the Physics WGs LELWG

Energy Scale Systematics

Studying energy bias of the form:
Epins = (1 +0020) *E,...,

CPV sensitivity3.5yrs x 40kt

o t I e N

Verifying small effects of an energy = F 30 (6%)catraton bias appied
scale systematic on CPV sensitivity 3 :
seen previously. i 3
Fitter fits out calibration bias o =
Consistent with previous, T =
GLoBES-based studies. ' .
More studies planned: - A

Separating y, e, hadronic scales 5/

Non-linear effects
Combined fits w/ other systematics

Takeaway is less about the results of this study
and more about the ability to do such studies
using the full fitting toolkit and about the
ramp-up of brand new effort in the WG!
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Additional highlights from the Physics WGs SVE WG

MARLEY Smearing Matrix, Drift Corrected (Recob)

Comments:

« Stacked
histogram
Fraction of
truth
neutrino
energy
Not
including
nuclear
recoil
energy

Reconstructed Energy (MeV)

0

60 70 80 80 100 — -
70 80 ) 100
Truth Neutrino Energy (MeV) Truth Neutrino Energy (MeV)




Additional highlights from the Physics WGs SVE WG

Ryan Patterson

Photon Sim/Reco Progress : direct SNB relevance

Electronics Simulation

Photgelectrons
0.2 0.4 0.6 0.8 1 1.2 1.4
> T J 1 LN A | J I I T : I
§
g A
iE
]
0.9:—
08—
o7
I d window =1 .
B d_window =5 ™
0.6) g o window = 10 \y\
BB d_window = 15 s
nd\‘:w:dg:=20 i SO
;dmndnw:% PRI | SR R [
03 5 10 15 20 25
Threshold [ADC]
.,y-.|..'.T..'1Y.YIXY!T.Y‘7
10*H Radiological .

backgrounds

bl foafl 3

20 40 60 80 100 120 140
total PE in flash

A. Himmel, V. Luzio, L.Rice

Visibility per Voxel

16 18 20 22 24
Voxel ID - Y axis

A. Chappuis, |. De Bonis, J. Soto

2 4 6 8 10 12 14
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Additional highlights from the Physics WGs SNE WG

R d. I u I 5 1D§ | Number of Hits per Event by Integrated Charge Collected
L B s Sl
adiologicals i s s
c I Krypton-85 in LAr
2 1 B  Potasium-40 in Cathode
Q i Argon 42 in LA
EMDtharge Collted (ADC Units pe.r event) R il
S : : ) B  Cobai-60 in APA Sieel
‘Elzw . T 10" I iouvons rom Concrete
3 3
g(lﬂ(] B
g"‘"' 510’
5IMZN)
%400 -
Q. 200
o
o

L
—400—

IQ-’0 S_IIIOFI (Dlstance from AE’A in cm) 10 I-Ul l
100 150 200
Photo Electrons Collected (PEs per event) Integrated Charge [ADC Channels)
gum " : {001
'E 1200) ; .
b ; B e Charge collected at distance X for SNB Signal and Background
_g\wu i il .§900 Vanous Smulaton Generators
R sod 1 &2 3 | T oo o Concrte !l Jason Stock
g : gy | —— Py '\ (2017 APS poster)
ﬁ s { 0,004 700 KrBS in LAs ri L
2§ 4004 I K40 wom CPA EL
g g 600 Ar39 in LA 1
o . b= ]
N 20 R §500- Signal from SNB 1
4 ok ‘1\
400 300 200 100 100 200 300 400 ‘ = \
X Position (Dlstance from APA incm) 300 L~L
200~
100f-
J. Reichenbacher, J. Stock o e . g
-300  -200 100 0

100 200 300 400
X Poisition (Distance from APA in cm)
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Additional highlights from the Physics WGs SVE WG

Joint Session with DAQ
G. Karagiorgi, A. Booth, K. Warburton

Fake Trigger Rate v Galactic Neighbourhood Coverage

Lof FTEEEE Encouraging preliminary
dop | G R |
Bow Ll feie o~ studies on efficiencies,
%100 x *
i *
o T E fake rates, latency
10°¢ 1/Month x X
107 " o -
w: vs distance to SN
107 . = ' ;a‘
10" . * :H
}gili . * fﬁ Single Marley Interaction Triggering Efficiency v True Nu Energy
T T S — *111 >
Galactic Neighbourhood Coverage % 1 J— p— __:_+ : :,:.::‘:z_._ﬂ—“‘—
In 10kT w = —
0.8 L — .
0.6

Overall Eficiency & 1x2x6 Background Rate

—— Eff: 91,826000%, Bkgd: 2.533303Hz
EMt: 85.730000%, Bhgd: 0.391808Hz
Eff: 88.399000%, Bkgd: 0.810320Hz
- Eft: 86.803000%, Bhgd: 0.503117Hz
Ef: 81.203000%, Bkod: 0.191451Hz
- Eff: 70.043000%, Bkgd: 0.044524Hz
—_— Eff: 57.959000%, Bkgd: 0.017800Hz

Threshold for SN
= il eos e o b v by byowa s bygoa by s bog s lygyy

interaction on Ar, 0 T
5.9M ev. ° ° " * % % % % Tru4eoNu En:rgy‘ (MeVE;O

#II\[I
"'*. ._
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Additional highlights from the Physics WGs NPK WG

» Tools originally developed for
p—KV now applied to channels at right

Very Preliminary

~N
w
1

=)
!

» n-ir analysis well developed, moving to
detector systematic studies

Lifetime Sersitivity
d [ )
w

n-e K"

-
c
L

o
w

» Brand new effort identified for p—emn®
and for exploring alternative approaches .|/ curentiimit
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Additional highlights from the Physics WGs B5M WG

BSM Physics Highlight u(\
ysics Highlights (Ve

» Several topics converging, with preliminary versions of key plots in hand, namely:
o Sterile Neutrinos who V[ ve CC+y, CC S
=) Inclusion of more
< . ) i
o realistic systematics + o
; [M. Blennow, E. Fernandez- Eml
: Martinez, A. Sousa]

102
ﬂ Missing Mass/Momentum Searches. Invisibly Decaying A" M
(«P] 104 PADME D:;k.f.‘iln /,-‘/ g} 07 mmaa CDR SyStS.
= 10 07— New Systs.
Q 104 . L " . X
P - 0 10° 104 108 10?2 10! 10°
& v ’ = £ N— sin®(20,)
4= o W s RS
g ‘.LD """" ,;‘,E, '« PREM (Solid lines)
~ o - Y’ 081 ¢ SR (Dashed lines)
4 o DUNE 06 N dard |
> o o on-Standard Int.
% - 02 Study of effects from
é ] Y ke matter profile models
02
[G. Barenboim, E. Fernandez-
Low-Mass Dark Matter 04 :
Martinez, C. Moura]
Large-scale DM generation o
0.8
(10° events) - first comp. . . . .
. . 0.7 0.75 0.8 0.85 09
with other experiments 0,,
[A. Chatterjee, G. Brown, J. Yu]

Ryan Patterson 25 Physics Report



Additional highlights from the Physics WGs B5M WG

BSM Physics Highlights (\
» Topics making quick progress:
- Neutrino Tridents 2500
7, ; . . C
5 Simulation of signal -
h 2000_—
%0 and background -
I~ events in ND LAr TPC E
o =
= completed. Bkg. J
© . r ;
e, | studies started F
g [S. Gori, W. Altmannshofer, B -
B J. Martin-Albo, A. Sousa] N s s
: energy (GeV)
© pu(
E
= Analysis Flow Boosted Dark Matter
3 oron seetter P:_ D etecti O n ® Benchmark dark matter flux models from theorists N ewW su b_grou p sta rted
& o e DM-Ar interactions provided by ). Berger d i i
uring DUNE Physics
%} \ / ® GENIE takes care of the final state interactions g' y
= / \ ‘ . detector material (LAr) simulation Week : P |a n for ﬁ rst
< [ l . e Simplified detector response simulatior SenS|t|V|t|eS by May
® Smearing matrices account for detector .
reso\{:tiogn and recons‘trtj]ction efficiency [Y'i_T' Tsai (Lead)’ J. _Berger’ Y. _
Earth e Conventional vs optimistic efficiencies Cui, Y. Zhao, L. NeCI'b, J. Assa_dl’
® Background estimation: mainly from neutral-current B. Russe”: S. TUfanllr G. Petrillo
. atmospheric neutrino-argon interactions (FNAL), R. Hatcher, M. Convery,
o e Analysis and sensitivity studies M. Graham]
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Additional highlights from the Physics WGs B5M WG

Newest ideas / efforts

Ryan Patterson

BSM Physics nghllghts

» Potential new efforts: 75

T T T [ T 11

- Sensitivity to E
CPT Violation 20 ECPT-violation -
DUNE may improve 15 /A
current CPTV g o -
bounds by one order - A(Am3,) <81 x107°
i 5F
of magnltude n at 30 C.L.
[C. Ternes, G. Barenboim, oE I R B
M. Tértola] 0 5 10 15
A(Am’ )/10°7
. VpuM Non-relativistic Relativistic
DM Sea rChes Wlth Scattering (vpy K ©) (vpm~c)
elastic Direct detection Boosted DM (eBDM)
P rOto D U N E inelastic inelastic DM (iDM) inelastic BDM (iBDM)
Potential great - = = ,
opportunities for \ [ gl

protoDUNE physic: . .
- e

[Doojin Kim]

( ery ra l

» Also ongoing efforts on non-unitarity, heavy neutral
leptons, large extra-dimensions, etc.

eV?
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Additional highlights from the Physics WGs &eco WG

Wire-Cell on MicroBooNE Data  ™BeeNE_

2015, after several hours of running

* [n addition to reco work directly

tied to FD analyses, general LAr 7 |
TPC reco development continues 1 f/:

to be lively (will be for many years!)

= Various examples flashed here...

Pandora system, here applied to
ProtoDUNE but applicable to FD

SpacePointSolver (direct-to-3D reco)
Hit matching Unregularized
. Regularized ~ True
eam Particle Correctly . s I
Reconstructed and AR 1oL
Tagged L PRRNANREVR S FNOHA OO
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Closing notes

= A few additional items coming down the pipe soon (a random
sampling)

- Final XS reweighting tools for CAFAna (fitting framework)

- Connections between lessons learned in Calibration TF and
systematic uncertainty assumptions made in Physics WGs

- Final list of astrophysical hypotheses that will serve as SNB
test cases in TDR

* Preparing for Neutrino 2018
- Not planning a sweeping overhaul of sensitivity estimates

- That will come with the TDR

- But 1t 1s a well-timed “intermediate goal” for WG activity



